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NATIOWAL, AINISCRY COMMITTEE FOR AERONAUTICS .
RESEARCH MEMORANDUM

IRAG MEASUREMENTS OF A SWEFT-BACK WING HAVING INVERSE TAPER
AS DETERMINED BY FLIGHT TESTS AT SUPERSONIC SPEEDS

By Sidnoy R. Alexander
SRIMIRY

Results of flight testus conducted at the test station of the
Langley Pilotless Aircraft Desearch Divieion at Wallops Island, Va.
to dstermine the drag at zerc 1ift of a swept-back wing of inverse
taper are presented. The wing had sn aspect ratio of 3.0, taper
ratio of 1.62, end leading~edge sweep of 35°. The eirfoil was of
NACA 65-009 secticn taken noarmel to the leading odge. The data
were obtalned by redar tracking of the rockst-propelled winged
body moving st supersonic apeeds. A comparison is mede with the
results of simllar tests of untapered wings having 34° and 45°
sweepback of a provious paper, NACA RM No. L6J16. The test
results showed that for the comparable Mach number range investi-
gated (M= 1.0 to 1.275) the tapered wing produced valuss of
drag coefficliont that averagoed about 30 percent lower than those
of the 34° swep'b-bacﬁ untapered wing and a&bout 20 percent hlgher
than those of the 45° swept-back untepered wing. At Mach numbers
of l.1 and 1.2, the tapersd wing revealed drag coefficients
of 0.01l95 and 0.0223, the latter value being the maximim value
obttained for this arrangement. :

. INTRODUCTION

The Langley Pllotless Alrcraft Research Division has included
in its high-speed drag research program, tests of & swept-back wing
having inverse taper (tip chord greater than root chord). It was
reasoned that 1f sweespback and taper both produce wing-tlp stall,
then the use of inverse taper would tend to promote centsi-section
stall and counteract, to some extent, the inherently poor stalling
characteristics of 'bhe swepb~back wing.

This paper presents the results of flight tests conducted at

sBupersonic speeds Lo determine the drag at zero 1LIft of = swepb-
back wing of inverse taper mounbted on a rockst~propelled body.
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BODY, AND TESTS
,J{Tartfrfgody_.'zﬂn_:_,L', _ .

The rocket—propelled winged teat body was constructed of wood
and was about 5 feet long and 5 inches in diameter. A photograph
of the test body equipped with the swepi-back inverse—taper wing is
presented as figure 1. The wing was mounted on ihe body at zero
incidence with the mésn gquerter—chard point at the same longitudinal
station as the design center. of gravity. The BACA 65-009 eirfoil
section (chord norimal to leading edge) had neither twist nor
dihedrel. The eweepback of the leading edge -AI.E was 35° and
thet of the quarter—chord line was 37.5°. The aspect ratio A,
including that pert of the wing encliosed by the body, was 3.0, and
the taper ratio oy/c, (ratic of tip chord io root chord) was 1.62.

The fuselage conslsted of a sharp nose fitted to a hollow
c¢y¥lindrical afterbody arocund which four stabillzing fins were
equally gpaced, .each. fin comprising a flat surface .with rounded
leading edgeg swept back 45° and trelling edges cut off aquare.
The £ins were indexed 45° to the wing. Details of .the general
arrangement are shown as figure 2. . o

The test body was propelled by a '3.25-inch diameter Mk.7 aircreft
rocket motor, encloged within the body. At a prelgnition temperature
of 69°JF,the motor pravided sbout 2200 pounds of thruat for
approximately 0. 87 -second. . .

' - Tests
. The. testing techniqua involved consists of -launching the ‘body
" at an’ elevation engle of 75° to the ‘harizontal. Becanse of this
high angle and the short burning duration of the rocket motar,
the trajectory during the superacnic. coasting flight, after the
propellant was expended, wae approximately a straight line. The
flight velocity was meagured by means of a CW Doppler radar set
(AN/TPS-5) loceted at the point of leunching. The values of
temperature and static pressure used in celculating drag coefficlentm

and Mach number wera obtalned from radiosonde ebeervations made at
the time of firing S -
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RESULTS AND DISCUSSION |

The variestion of velocity with flight time for the test body,
as measured wlth the radar wmit, is presented in figure 3. The
maximm veloclty reached by the body was 1h95 feet per second,
which corresponds to a Mach number of aboubt l.32. The portion of
the velocity curve during which coasting flight wes attained . .
(after the propellant had boen expended) was graphically differentiated
to obtain the deceleration. From thils value and the known mass
of the body, the drag was cbtained. This is presented in figure I -
plotted against Mach number M, Although the scatber of the | .
velocity-time curve has been greatly magnified by 1lts d.ifferen'biation,
the drag curve lg satisfactorlly determined. Drag coefficlents.
calculated for the test body ficm the data of figure U and based
on an exposed wing area of 200 sguere inches are presented in the
upper part of fimure 5. As g means of estimating the relative
effectivoness of the tapered wing, similaer curves for the tLest
bod.ies of reference 1 with the NACA 65-009 rectangular airfoils
of 34° and 45° sweepvack and aspect ratio 2.7 are included, as
well as the data for a wingless body arrangement. This latter
curve has been modified slightly fram the corresponding one of
reference 1 to include the average results of three more ldentical
wingless test bodies slnce fired. It should bs pointed out that
the low Mach mwmber ranse in these tests is reached when the test
body is fartherest from tie launching site. Tn this region, the -
strength of the radar signal and the character of the drag varlation
makes Inherontly difficult a precise determination of the drag at a
given Mach mumber. Because of the steepness of the drgg-coefficlent
surve agsinet Mach number, a very small error in Machk mumber:.
determination will cause & large percentage error in the dreg .
coefficient. Examination of the drag-coefficient curvee of similar
test bodies (in the Mach number range between 0.85 and 1.0}
reveal displacemsnt and/or changes 1n slope of the arag-coefficient
curves that result In discrepancies in drag coefficient at a given
Mach number as high as +10 percent compared with +3 percent in the
region above & Mach number of 1.0. The accuracy has since been
Increased by obtalning more accurate temporature-pressure-altitude
soundings, but for any appreciable increase in accuracy for
Mach numbers below 1.0, sloimr models should be used.

It should be remembered also that in the transonlc speed
range pecullar transfers of drag teke placs between the wing and
the body soc that wing drag plus its interference may vary greatly
for different designs. For the seme reason, a change In the
body shape o which the wings are mounted may alsc change the
drag due to the wings.
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Corresponding ocurvegs of wing drag coefficlent derlved by taking
the difference between the total-drag-coeificient curves of the
winged end winglese test bodles are presented in the lower portlon
of -figure 5, These values include wing-fuselage interference esrocts.
For the range of campersablo Mach numbers, -the tapered wing had
values of drag ooefficienc that averaged about 30 percent lower.
than those of the.34° swwspt—'back untapered wing and about 20 percent
higher than those of the 45° ewept-back untapered wing. At Mach-
numbers of l.l and 1,2, the tepered wing produced drag-caefficlent
values of 0,0195. a.nd.-0.0EEE;, this latter value being the maximum
value obtained for this arrengement. Inssmuich as the difference
in aspent ratlio and leading-edge sweoep angle between the wing having
inverse taper and the 340 swept-back rectangular airfoil is emall,
the reduction in dxag coerfficlent o the tepered wing over the
untapered one cen be attributed to & cambination.of the following
effects: wing-fuselage inteiveionce, perventage of wing area.
located in the region of high pressure dreg near the wing root, or
the possibility of the sweep of some percent chord line other than
the leading edge controlling the action of the dwag ag 1s theoretlcally
indicated in reference 2 for the case of “delta" wings, Ths - .
relative contributlions of each to the over-all drag value could.
be determined only- by further tests of tepered wings. : :

CONCIUDING FEMARKS

Flight tests to determine the drag of & swept-back wing having
Ahverse taper were conducted by the Langley Pllotlese Alrcraft .
Research Division at Wallops Island, Va, The wing had an aspeat.
ra‘bio of 3.0, taper ratio of 1,62, and leading-edge sweepback
of" 35 « The dreg coefficients of two untapered wings of aspect
ratio 2,7 and sweepback anrles of 3k° and 45°.obteined in an - -
identical feshion have al:o been included ‘as.e means  of comparieon,
The resulte showed that for the comparable Mach muber range :
investigated - (M = 1,0 +%o--1.275) +the tepered wing had values of
dreg coefficient thaet averaged about 30 percemt lower than:those of
the 34° swept -back untapsred wing and ebout 20 percent higher than
those of the 45° swept-back. untapersd wing, At Mach mmbers::
of 1.1l and 1.2 the tapsred wing preduced drag-coefficlent values .
of 0,0195 and 0,0225, this latter value ‘beim_: the ma.xirmm value
obta.ined. for this arra.ngement. . _

Langley Memorial Aeronautica.l I.e.boratory . :
National Advisory Coammittee for Aeronautics

langley Field, Vs,
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Figure 1.- The test body with swept-back wing having inverse taper.
S
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Fig. 3 NACA RM No. L.6L30
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Fig. 5 NACA RM No. L6LS30O
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